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Abstract. The African clawed frog, Xenopus laevis, is one of the most widespread and high impact invasive amphibians on 
earth. The initial purpose of the trade for pregnancy testing saw some hundreds of thousands of animals exported to labo¬ 
ratories throughout the world. Together with the use of this species as the standard laboratory amphibian, it is probably 
the most widespread amphibian on the planet and has established invasive populations on four continents. Trade figures 
for imports of live animals into the United States of America suggest that trade for medical and scientific purposes is now 
minimal (a few hundred animals per year), while the pet trade imports 1.83 million live animals over the last 15 years. Sur¬ 
prisingly, 75 % of these animals are imported from Hong Kong. Only 5,600 animals were imported from South Africa, and 
this trade ceased in 2003 . Nearly 200,000 individuals were imported from Chile and the majority of these were reported 
as being wild caught, suggesting that the invasive population there is being exported for the US pet trade. The implication 
of large numbers of X. laevis is likely to lead to an increase in the number of invasive populations, as well as movement of 
individuals that may be carriers of disease, already shown to be present in shipments. Import data for X. laevis into the US 
suggest that very few African clawed frogs come from Africa, with the vast majority of Asian origin. 
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Introduction 

The global trade in wildlife is practically impossible to 
quantify (Karesh et al. 2005, Rosen & Smith 2010) but 
is probably worth billions of dollars (Broad et al. 2003). 
The relationship between this trade and the establishment 
of invasive species is not direct, but the link between the 
number of propagules and the establishment of invasive 
species is well known (Lockwood et al. 2009). Unlike 
trade in most mammals, the majority of reptiles and amphi¬ 
bians are traded as live specimens (Rosen & Smith 2010, 
but see Warkentin et al. 2009), increasing the chance that 
the trade will result in propagules for invasive populations. 
One of many impacts the amphibian trade may have is the 
potential spread of disease (Fisher & Garner 2007, Row- 
ley et al. 2007), and it has been argued that this is a reason 
to ban all trade (Kriger & Hero 2009). Although this was 
not seen as a realistic option (Garner et al. 2009), trade 
in salamanders to the USA has recently been banned fol¬ 
lowing an outbreak of Batrachochytrium salamandrivorans 
attributed to this trade (Yap et al. 2015). An alternative to 
banning trade is to follow a best practice that minimises 
the importation of diseased animals, and trading from cap¬ 
tive bred stocks about which the health status is known is 
likely to minimise the risk of spreading disease. 


Analysis of the proportion of captive bred to wild caught 
amphibians has previously been conducted for the USA 
(HERREL & VAN DER MeIJDEN 2014, SCHLAEPFER et al. 
2005, Schloegel et al. 2009), but other countries appear 
not to capture such information on importation, and it is 
often impossible to assign the origin of imports once they 
have arrived (Peel et al. 2012, Tapley et al. 2011). The trend 
in US data suggested an increase in the imports of captive 
bred amphibians to around two thirds of nearly 6 million 
animals in 2002 (Schlaepfer et al. 2005). Since then, the 
overall level of imports of amphibians and reptiles into the 
US appears to be in decline from over 8 million animals in 
2002 to around 5.5 million in 2008, with a steady growth 
in trade of captive bred animals (Herrel & van der Meij- 
den 2014). Although captive bred animals should be care¬ 
fully monitored to ensure they are disease free, studies have 
shown that disease is currently prevalent (Peel et al. 2012), 
and exported both on the amphibians themselves and in 
the water that contains them (Kolby et al. 2014). Of par¬ 
ticular note, is the prevalence of pipid frogs in this interna¬ 
tional trade (70.6% of trade from Hong Kong, Kolby et al. 
2014), including the African clawed frog, Xenopus laevis, a 
species which has a long history of trade. 

From the 1930s to 1960s, African clawed frogs were in 
use in around 31 countries of the world in tests for human 
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pregnancy (Shapiro & Zwarenstein 1934, Van Sittert 
& Measey 2016). The early trade came direct from and 
was controlled by the Cape Provincial Authority (CPA) 
Jonkershoek, near Cape Town. Subsequent invasions that 
followed this usage and the scientific trade (Measey et al. 
2012) have been investigated with all showing origins from 
the South African Cape (Lillo et al. 2013, Lobos et al. 2014, 
but see De Busschere et al. 2016). The origin is of signifi¬ 
cance as Xenopus laevis has long been viewed as a species 
complex (e.g. Measey & Channing 2003), and a taxonom- 
ically robust view confining the species to southern Africa 
has only recently been proposed (Furman et al. 2015). In¬ 
vasive populations of African clawed frogs have consider¬ 
able environmental as well as economic impact compared 
to most other invasive amphibians (e.g. impacts on aqua¬ 
culture: Measey et al. 2016), including direct predation on 
other amphibians (Measey et al. 2015). Their known im¬ 
pacts from invasive populations have led to controls and/ 
or bans of trade in this species from 12 US states as well as 
some countries (e.g. Australia; Somma 2015). 

At the height of the South African exports in 1959, near¬ 
ly 26,000 X. laevis were being shipped to 14 countries (al¬ 
though 69% was supplied to African universities for dis¬ 
section; Van Sittert & Measey 2016). The lag between 
this trade and establishment or discovery of invasive popu¬ 
lations is thought to be around 15 years (Van Sittert & 
Measey 2016). In addition to invasive populations, exports 
of X. laevis from South Africa have been found to include 
fungal pathogens and parasites (Weldon et al. 2004), 
which can persist in invasive populations (Kuperman et al. 
2004). After the 1980s, most trade of African clawed frogs 
came from captive bred animals due to trade bans associ¬ 
ated with the economic boycott of the apartheid regime in 
South Africa (Van Sittert & Measey 2016). Trade from 
South Africa resumed in the late 1990s, but appears to be 
in decline (Weldon et al. 2007). Most trade from South 
Africa appears to be associated with scientific use. How¬ 
ever, it has been reported that African clawed frogs can be 
purchased as pets in the USA as well as other countries, 
and the pet trade appears to be increasing as a pathway for 
invasive populations (Measey et al. 2012). The purpose 
for which animals are traded is important in determining 
whether trade represents significant pathways to invasive 
populations, as well as the movement of their pathogens 
into the environment. 

In this study I first quantify the size and trend of the trade 
in African clawed frogs imported to and exported from the 
USA over the past 15 years. Secondly, I aim to ascribe the 
purpose of the trade (science, pets or medical), to determine 
the proportion of wild caught trade versus captive bred, and 
to detail the countries involved in trade of live X. laevis. 


Methods 

Import data for all records relating to African clawed 
frogs ( Xenopus laevis ) were requested from the U.S. Fish 
and Wildlife Service under the Freedom of Information 


Act. Records supplied detailed the number of individu¬ 
als in every shipment entering the USA from 9 November 
1999 to 2 June 2015. Only trade in live animals was con¬ 
sidered further. Preserved specimens accounted for only 
118/1 856 of records and 5 069/1 842 274 individuals, and 
other records included only two for eggs. 

The taxonomic designation of Xenopus laevis has long 
been in flux with a large number of taxa that were tradi¬ 
tionally considered to be sub-species of X. laevis (see Ko- 
bel et al. 1996). However, recent phylogenetic investiga¬ 
tions have proved most of these sub-species are full species 
in their own right (Furman et al. 2015). For this analysis, 
I consider only animals which belong to southern African 
X. laevis (formerly X. 1 . laevis ) from South Africa, Lesotho, 
Swaziland, Zimbabwe and Malawi (and parts of Namibia, 
Botswana, Zambia and Mozambique: see Furman et al. 
2015, Measey et al. 2012). 

Animals that were listed as wild caught and shipped 
from African countries where X. laevis does not occur were 
treated separately. Most of these are considered to have 
traded animals that were formally considered to be subspe¬ 
cies ofX laevis (see Kobel et al. 1996), but which now are 
recognised to be different species (Furman et al. 2015). 

Results 

Data was received of 1,856 shipments which ranged from 
single animals to 11.5 thousand individuals (mean 992.6; 
SE 21.55). More than 1.83 million live African clawed frogs 
are documented as having been imported into the USA be¬ 
tween 9 November 1999 and 2 June 2015. The majority of 
these frogs were imported from Asia (82%), a trade which 
appears steady over the entire period (Fig. 1). Over 10% of 
X. laevis (190,000) were imported from Chile, although 
imports appear to be declining since 2004. Imports of Af¬ 
rican origin represent only 5.6% and have crashed since 
2007 (Fig. 1): it is not clear that frogs of African origin were 
all X. laevis and only 0.3% come from countries to which 
X. laevis is indigenous (in this dataset, only South Africa). 
Frogs imported from European or North American origin 
represent <1% of the total and shipments from these areas 
appear to have dwindled over this period (see Fig. 2). Dur¬ 
ing the entire period, African clawed frog imports (88.6% 
of records) from 19 countries on five continents, while ex¬ 
ports (11.4% of records) were made to 54 countries on the 
same five continents (Table 1). 

Only 5,600 animals were imported from South Africa 
during this 15 year period, and these imports appeared to 
have ceased in 2003. Hong Kong is the origin of 75% of the 
X. laevis traded, although other areas appear to have in¬ 
creased exports to the US, including China with between 
10 and 35,000 animals a year since 2007 (Fig. 2). 

Trade in African clawed frogs for scientific and medical 
purposes represented less than 0.5% of the trade into the 
US, around 2,800 individuals in 15 years (Fig. 1A). Trends 
in this trade appear to be sporadic over the period, with 
shipments being just a few hundred animals each time. 
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Most animals imported for medical purposes originated in 
Europe, while most animals for scientific work came from 
Africa (but see above). The pet trade made up 99.5% of the 
trade into the US, a trend unchanged over the period. 

Reporting on whether animals were wild caught or cap¬ 
tive bred must be interpreted with caution. Over the entire 
period 52% of all animals imported were recorded as be¬ 
ing wild caught, and the majority of these from Asia. Since 
2010, reporting may have improved as 97.5% of individuals 


were recorded as captive bred, and Chile is reported as sup¬ 
plying the majority of the remaining wild caught African 
clawed frogs. Excluding reports for wild caught animals 
from areas where they do not occur in the wild, the only 
potential imports of wild caught animals are from South 
Africa (which appears to have ceased in 2003) and Chile. In 
fifteen years of imports from Chile totalling some 191,000 
individual X. laevis, 59% were reported to have been wild 
caught (and the rest captive bred). 
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Figure 1. Numbers of African clawed frogs (Xenopus laevis) imported into the USA over the last 15 years. (A) Erratic and low num¬ 
bers are imported for scientific (squares) and medical (circles) purposes. (B) The pet trade demonstrates a steady Asian (triangles) 
led market trading an order of magnitude more live animals than other regions. Numbers of live individuals from South America 
(squares) have reduced, while numbers imported from Africa (diamonds) have crashed. (C) X. laevis on sale in a Hong Kong market 
(Photo: Jodi Rowley). 
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Table 1. Live individual African clawed frogs exported from and imported into the USA (from 9 November 1999 to 2 June 2015). 
Countries listed as the origins of imports of Xenopus laevis: Africa (Benin, Cote d’Ivoire, Madagascar, Malawi, Nigeria, Tanzania, South 
Africa); Europe (Switzerland, Czech Republic, Germany, France, Great Britain, Italy, Ukraine); Australasia (Australia, China, Hong 
Kong, Indonesia, Japan, Malaysia, Philippines, Singapore); North America (Canada, United States); South America (Chile, Nicaragua, 
Peru). See text for possible errors. 


Exports 

education 

medical 

scientific 

pet trade 

other 

total 

Africa 

0 

20 

0 

789 

0 

809 

Europe 

0 

0 

0 

3290 

0 

3290 

Australasia 

0 

0 

7 

33342 

0 

33349 

North America 

12 

608 

435 

197435 

61 

198551 

South America 

0 

0 

0 

92 

0 

92 

Imports 

education 

medical 

scientific 

pet trade 

other 

total 

Africa 

0 

0 

1003 

103904 

0 

104907 

Europe 

472 

0 

500 

14943 

176 

16091 

Australasia 

0 

0 

4 

1523851 

10 

1528935 

North America 

0 

0 

5 

1122 

23 

1150 

South America 

0 

0 

800 

190435 

500 

191735 


Discussion 

The trade in African clawed frogs has changed dramatically 
in terms of the purpose of the trade, the origin of the frogs 
and the numbers of animals traded. The first 20 years of the 
trade (from 1940) is characterised by small numbers of ani¬ 
mals being sent from Jonkershoek, South Africa to public 
health laboratories around the world for use in pregnancy 
testing (but mostly within the British Empire; Van Sittert 
& Measey 2016). By the 1960s, a chemical pregnancy test 
saw the decline of sales from South Africa, with most Af¬ 
rican clawed frogs being exported for scientific investiga¬ 
tions. By the 1980s, trade to the US from South Africa was 
stopped and sales became focussed from dealers outside 
of South Africa for scientific studies as well as the rise of 


the pet trade (Van Sittert & Measey 2016). Actual num¬ 
bers of X. laevis being imported for medicine and science 
were only a few hundred individuals per year, compared 
to many thousands per year in the 1940s (Van Sittert & 
Measey 2016). In the last 15 years, the size of the trade for 
medicine and science is only 0.1% of imports with the pet 
trade commanding 99.6%. 

The movement of wild caught animals brings with it 
possibilities of movement of disease and parasites. Data 
shows that the quantity of wild caught X. laevis from their 
native range in southern Africa has dwindled with noth¬ 
ing being imported to the USA for over 10 years. This 
agrees with laboratory suppliers of X. laevis who concur 
that live animals have not been imported from the na¬ 
tive range for many years (Xenopus Express, pers. comm. 




Figure 2. Total live trade of African clawed frogs, Xenopus laevis, imported into the USA over the last 15 years. The thickness of the 
lines is proportional to the size of the trade (see legend). 
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www.xenopus.com). However, there are significant quan¬ 
tities of wild-caught animals being exported from areas 
outside the range of X. laevis. Most of these animals are 
being exported from Nigeria. The previous difficulties 
with taxonomy of the species have meant that Nigeria and 
Cameroon both contained a disjunct population of what 
has long been known to be distinct taxon from the south¬ 
ern African X. laevis and more closely related to X. poweri 
from Botswana and Zambia (Evans et al. 2004). This has 
since been confirmed in a more recent and comprehensive 
phylogeny (Furman et al. 2015). Therefore, there is now 
an urgent need for authorities dealing in trade to update 
their taxonomy (Hjarding et al. 2014). Whether or not 
X. poweri from Nigeria pose a potential invasive threat in 
the USA is currently unknown, but pathogens of concern 
are known to be present in the region, including pipids 
which have tested positive for Batrachochytrium dendro- 
batidis (Bd ; Penner et al. 2013, Reeder et al. 2011). The 
consignment in 1999 of 1,500 wild-caught X. laevis origi¬ 
nating in Madagascar is presumably an error as no pipids 
of any description occur there. These and other presumed 
anomalies should be treated with suspicion (including 
data prior to 2010), including wild caught X. laevis be¬ 
ing reported from Canada, China, Czech Republic, Hong 
Kong, Indonesia, Singapore and Switzerland, as no native 
or invasive populations occur there. However, the biggest 
consignments of wild caught X. laevis come from Chile, 
presumably from their invasive populations. This trade is 
of significance as it signals a potential conflict of interest 
between stakeholders interested in invasive populations of 
X. laevis in Chile. 

Invasive populations of X. laevis in Chile are believed 
to have been released into the wild near Santiago in 1973 
(Lobos & Measey 2002, Measey et al. 2012), but now cov¬ 
er 21,200 km 2 , including areas where animals have under¬ 
gone secondary introductions (Lobos et al. 2013). Soli's et 
al. (2010) found chytrid fungus in invasive populations of 
X. laevis in Chile, moreover all specimens were asympto¬ 
matic. Meanwhile, Bd is thought to be driving population 
declines in local amphibians (Soto-Azat et al. 2013). Most 
recently, Castillo et al. (2017) found that Chilean X. laevis 
have nematodes of the genus Contracaecum, which they 
suggest have been acquired in Chile, and may now have 
been sent in consignments to the USA. The current study 
shows that tens of thousands of X. laevis are being im¬ 
ported into the US from populations of invasive animals 
in Chile. Given that they are indeed wild caught, there is 
a chance that animals exported from Chile could be in¬ 
fected with Chilean nematodes, and/or the chytrid fungus. 
Whether this strain of the fungus originates from Chile or 
southern Africa is currently unknown (Solis et al. 2010). 
The trade from Chile to the USA appears to be regular, 
but has a downward trend. Data from this study show that 
there is some trade from other countries with known in¬ 
vasive populations (UK and France), but all animals were 
small quantities (< 100) of captive bred animals usually for 
medical or scientific purposes and are thus presumably not 
from invasive populations. 


The majority of animals imported live to the USA are 
declared to be captive bred. Captive bred and laboratory 
X. laevis are not necessarily free of chytrid or Ranavirus 
(Kolby et al. 2014, Peel et al. 2012, Schloegel et al. 2009), 
but they are less likely to be carrying other pathogens and 
parasites. Most of these animals originated in Hong Kong, 
a locality well known for amphibians in the pet trade as 
well as for the trade of frogs for human consumption. 
Rowley et al. (2007) detailed the enormity of trade in am¬ 
phibians entering Hong Kong in 2006, approximately 4.26 
million individuals, although only 33,000 of these were 
part of the pet trade and scientific use, the rest being for 
human consumption. A breakdown of these 33,000 shows 
that only 240 individuals were X. laevis within this period 
from the USA (220) and France (20) suggesting that these 
were supplied by commercial suppliers for scientific use. 
During the same period (1 December 2005 to 30 November 
2006) Hong Kong exported 110,914 X. laevis to the USA 
(data from this study), a large disparity with the previously 
reported figures. Rowley et al. (2007) also tested X. laevis 
being sold in the Mong Kok pet market for Bd, but found 
that all 7 were Bd negative (Fig. 1C). Interestingly, samples 
of X. laevis shipped from Hong Kong to the USA were sam¬ 
pled by Kolby et al. (2014) in 2012 who found that frogs 
were positive for Bd with low-level infections (but not 
Ranavirus - see also Schloegel et al. 2009), while the wa¬ 
ter they were shipped in had exceptionally high densities 
of Bd zoospores. Individuals sampled were all juveniles (ca. 
5 cm SVL) and were from an albino stock (J. Kolby pers. 
comm.). Similarly, all X. laevis seen in Hong Kong were 
also albino juveniles (J. Rowley pers. comm., see Fig. 1C). 
Therefore, it seems likely that the trade from Hong Kong 
is all of similarly sized and captive bred individuals. Trade 
data between 2006 and 2012 suggests that X. laevis was the 
second most important species imported into the USA 
from Hong Kong (673,859 individuals), with imports of an¬ 
other pipid ( Hymenochirus curtipes ) being more than dou¬ 
ble (1,468,130 individuals). While Hong Kong remains the 
stipulated origin of all of these animals, it is possible that 
many originate from mainland China (or elsewhere), and 
are shipped to Hong Kong prior to export (J. Rowley pers. 
comm.). 

Despite the many uncertainties in the U.S. Fish and 
Wildlife Service trade data (e.g. taxonomy, captive vs. wild 
bred and exact origin), it has been used extensively in anal¬ 
yses because it exists and is freely available. It is not known 
what proportion of world trade in the African clawed frog 
the U.S. trade represents as the data is not available. As 
trade in amphibians reaches unprecedented levels (Her- 

REL & VAN DER MEIJDEN 2014 , SCHLAEPFER et al. 2005 , 

Schloegel et al. 2009), it becomes increasingly important 
for other trading regions to capture this data and make it 
freely available (Peel et al. 2012, Tapley et al. 2011). While 
it is possible for the quality of the U.S. Fish and Wildlife 
Service trade data to improve, its very existence is laudable. 
The data not only makes it possible to determine where in 
the world African clawed frogs are imported from, but also 
which U.S. states they are imported into. 
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Half of all individual X. laevis arrived in New York, 
while Florida, Georgia, Illinois, New Jersey, Michigan 
and California make up the states that have received over 
10,000 animals in the period. Interestingly, it is illegal to 
own, transport or sell X. laevis in n US states including 
New Jersey and California (Somma 2015; Dodd 2013). This 
restriction makes sense in terms of potential invasions in 
that there are large areas with suitable climate for X. laevis 
in California (Measey et al. 2012, Ihlow et al. 2016). Cal¬ 
ifornia received over 36,000 animals (2% of all imports) 
over the period investigated. It is presumed that the cur¬ 
rent invasive population in California became established 
as a result of the less than 10,000 sent to California in the 
1950s (Van Sittert & Measey 2016). 

Most of the current invasive populations of African 
clawed frogs saw their origins in the early export of ani¬ 
mals from South Africa. In a recent review of the trade, Van 
Sittert & Measey (2016) document the export of only 
86,000 individuals out of Africa, less than 5% of the ani¬ 
mals that have been imported into the US in half the time. 
Van Sittert & Measey (2016) also suggest that there is a 
lag between the transit of animals and the establishment of 
invasive populations of around 15 years. There is some evi¬ 
dence that suggests that animals from the pet trade are the 
source of recent invasive populations. Lily Pond in Golden 
Gate Park, San Francisco was the subject of an eradication 
program of X. laevis believed to have arrived as unwanted 
pets (Measey et al. 2012) with many thousands of individ¬ 
uals removed the eradication was still ongoing in 2013. 

Conclusion 

From 1930s to 1970s, African clawed frogs used in preg¬ 
nancy diagnosis and laboratory experiments were likely to 
have come from South Africa, and specifically the south¬ 
western Cape, with steadily increasing numbers of ani¬ 
mals being moved between laboratories (Van Sittert & 
Measey 2016). The pet trade during this time was prob¬ 
ably small, but is likely to have been made up from captive 
bred animals from laboratory stocks and suppliers in the 
UK and US. With the close of trade from South Africa in 
the 1980s, the majority of African clawed frogs traded were 
captive bred. Over the last 15 years, the trend has reached 
an extreme such that an African clawed frog in the US is 
very unlikely to have come from Africa, and is most likely 
to have originated in a captive breeding facility in Hong 
Kong or on the Chinese mainland. However, these animals 
are unlikely to be disease free (Kolby et al. 2014). Ironi¬ 
cally, wild caught African clawed frogs in the US trade are 
most likely to be from invasive populations in Chile, or if 
from Africa they are unlikely to be X. laevis. The enormi¬ 
ty of trade in X. laevis suggests that propagule pressure is 
higher in the past 10 years (1.07 million live animals im¬ 
ported into the US) than in any previous decade through¬ 
out the 85 year trade history. It has been claimed that by 
1970, X. laevis was the world’s most widely distributed 
amphibian (Van Sittert & Measey 2016), but today this 


distribution network has increased. The trade in African 
clawed frogs will most likely result in many more invasive 
populations of this high impact amphibian. 

Acknowledgements 

I would like to thank Melissa M. Allen and the staff at the Divi¬ 
sion of Information Resources & Technology Management, U.S. 
Fish and Wildlife Service. Louis Somma, Jonathon Kolby and 
Jodi Rowley shared insightful information African clawed frogs 
and the amphibian trade. The manuscript was improved by two 
insightful reviews. The DST-NRF Centre of Excellence for Inva¬ 
sion Biology and a National Research Foundation incentive grant 
supported this work. 

References 

Broad, S., T. Mulliken & D. Roe ( 2003 ): The nature and extent 
of legal and illegal trade in wildlife. - pp. 3-22 in: Oldfield, 
S. (ed.): The Trade in Wildlife - Earthscan Publications Ltd, 
London. 

De Busschere, C., J. Courant, A. Herrel, R. Rebelo, D. Rod¬ 
der, G. J. Measey & T. Backeljau ( 2016 ): Unequal contribu¬ 
tion of native South African phylogeographic lineages to the 
invasion of the African clawed frog, Xenopus laevis, in Europe. 
- PeerJ, 4: ei 659 . 

Castillo, C., G. Lobos, D. Gonzalez-Acuna, L. Moreno, C. 
E. Gonzalez & C. Landaeta-Aqueveque ( 2017 ): First para¬ 
sitological study of the African clawed frog ( Xenopus laevis. 
Amphibia) in Chile. - Revista Brasileira de Parasitologia Vet- 
erinaria, 26 : 243 - 247 . 

Dodd, C. K. ( 2013 ): Frogs of the United States and Canada, 2 -vol. 
set (Vol. 1 ). - JHU Press. 

Evans, B. J., D. B. Kelley, R. C. Tinsley, D. J. Melnick & D. C. 
Cannatella ( 2004 ): A mitochondrial DNA phylogeny of Af¬ 
rican clawed frogs: phylogeography and implications for poly¬ 
ploid evolution. - Molecular Phylogenetics and Evolution, 33 : 
197 - 213 . 

Fisher, M. C. & T. W. Garner ( 2007 ): The relationship between 
the emergence of Batrachochytrium dendrobatidis, the inter¬ 
national trade in amphibians and introduced amphibian spe¬ 
cies. - Fungal Biology Reviews, 21: 2 - 9 . 

Furman, B. L. S., A. J. Bewick, T. L. Harrison, E. Greenbaum, 
V. Gvozdik, C. Kusamba & B. J. Evans ( 2015 ): Pan-African 
phylogeography of a model organism, the African clawed frog 
‘Xenopus laevis’. - Molecular Ecology, 24: 909 - 925 . 

Garner, T. W., I. Stephen, E. Wombwell & M. C. Fisher 
( 2009 ): The amphibian trade: bans or best practice? - Eco- 
Health, 6 : 148 - 151 . 

Herrel, A. & A. van der Meijden ( 2014 ): An analysis of the 
live reptile and amphibian trade in the USA compared to the 
global trade in endangered species. - Herpetological Journal, 
24: 103 - 110 . 

Hjarding, A., K. A. Tolley & N. D. Burgess ( 2014 ): Red List as¬ 
sessments of East African chameleons: a case study of why we 
need experts. - Oryx, 48: 1 - 7 . 

Ihlow, F., J. Courant, J. Secondi, A. Herrel, R. Rebelo, 
G. J. Measey, F. Lillo, F. A. De Villiers, S. Vogt, C. De 
Busschere, T. Backeljau & D. Rodder (2016): Impacts of 


403 


John Measey 


climate change on the global invasion potential of the African 
clawed frog Xenopus laevis. - PloS one, n: 60154869. 

Karesh, W. B., R. A. Cook, E. L. Bennett & J. Newcomb (2005): 
Wildlife trade and global disease emergence. - Emerging In¬ 
fectious Diseases, 11:1000-1002. 

Kobel, H. R., C. Loumont & R. C. Tinsley (1996): The extant 
species. - pp. 9-34 in: Tinsley, R. C. & H. R. Kobel (eds): The 
biology of Xenopus. - Oxford University Press, Oxford. 

Kolby, J. E., K. M. Smith, L. Berger, W. B. Karesh, A. Pres¬ 
ton, A. P. Pessier & L. F. Skerratt (2014): First evidence of 
amphibian chytrid fungus ( Batrachochytrium dendrobatidis) 
and ranavirus in Hong Kong amphibian trade. - PloS one, 9: 
690750. 

Kriger, K. M. & J. M. Hero (2009): Chytridiomycosis, amphib¬ 
ian extinctions, and lessons for the prevention of future pan- 
zootics. - EcoHealth, 6: 6-10. 

Kuperman, B. I., V. E. Matey, R. N. Fisher, E. L. Ervin, M. L. 
Warburton, L. Bakhireva & C. A. Lehman (2004): Parasites 
of the African clawed frog, Xenopus laevis, in southern Cali¬ 
fornia, USA. - Comparative parasitology, 71: 229-232. 

Lillo, F., C. Dufresnes, F. P. Faraone, M. Lo Valvo & M. 
Stock (2013): Identification and potential origin of invasive 
clawed frogs Xenopus (Anura: Pipidae) in Sicily based on mi¬ 
tochondrial and nuclear DNA. - Italian Journal of Zoology, 
80: 566-573. 

Lobos, G., P. Cattan, C. Estades & F. M. Jaksic (2013): Invasive 
African clawed frog Xenopus laevis in southern South Ameri¬ 
ca: key factors and predictions. - Studies on Neotropical Fau¬ 
na and Environment, 48:1-12. 

Lobos, G. & G. J. Measey (2002): Invasive populations of Xenopus 
laevis (Daudin) in Chile. - Herpetological Journal, 12:163-168. 

Lobos, G., M. A. Mendez, P. Cattan & F. Jaksic (2014): Low 
genetic diversity of the successful invasive African clawed frog 
Xenopus laevis (Pipidae) in Chile. - Studies on Neotropical 
Fauna and Environment, 49: 50-60. 

Lockwood, J. L., P. Cassey & T. M. Blackburn (2009): The 
more you introduce the more you get: the role of colonization 
pressure and propagule pressure in invasion ecology. - Diver¬ 
sity and Distributions, 15: 904-910. 

Measey, G. J. & A. Channing (2003): Phylogeography of the 
genus Xenopus in southern Africa. - Amphibia-Reptilia, 24: 
321-330. 

Measey, G. J., D. Rodder, S. L. Green, R. Kobayashi, F. Lillo, 
G. Lobos, R. Rebelo & J.-M. Thirion (2012): Ongoing inva¬ 
sions of the African clawed frog, Xenopus laevis : a global re¬ 
view. - Biological Invasions, 14: 2255-2270. 

Measey, G. J., G. Vimercati, F. A. de Villiers, M. M. Mokhat- 
la, S. J. Davies, S. Edwards & R. Altwegg (2015): Frog eat 
frog: exploring variables influencing anurophagy. - PeerJ, 3: 
ei204. 

Measey, G. J., G. Vimercati, F. A. Villiers, M. Mokhatla, S. 
J. Davies, C. J. Thorp, A. D. Rebelo & S. Kumschick (2016): 
A global assessment of alien amphibian impacts in a formal 
framework. - Diversity and Distributions, 22: 970-981. 

Peel, A. J., M. Hartley & A. A. Cunningham (2012): Qualita¬ 
tive risk analysis of introducing Batrachochytrium dendroba¬ 
tidis to the UK through the importation of live amphibians. 
- Diseases of Aquatic Organisms, 98: 95-112. 

Penner, J., G. B. Adum, M. T. McElroy, T. Doherty-Bone, M. 
Hirschfeld, L. Sandberger, C. Weldon, A. A. Cunning¬ 


ham, T. Ohst & E. Wombwell (2013): West Africa-A safe ha¬ 
ven for frogs? A sub-continental assessment of the Chytrid 
fungus (Batrachochytrium dendrobatidis). - PloS one, 8: 
656236. 

Reeder, N. M., T. L. Cheng, V. T. Vredenburg & D. C. Black¬ 
burn (2011): Survey of the chytrid fungus Batrachochytrium 
dendrobatidis from montane and lowland frogs in eastern Ni¬ 
geria. - Herpetology Notes, 4: 83-86. 

Rosen, G. E. & K. F. Smith (2010): Summarizing the evidence 
on the international trade in illegal wildlife. - EcoHealth, 7: 
24-32. 

Rowley, J. J., S. K. F. Chan, W. S. Tang, R. Speare, L. F. Sker¬ 
ratt, R. A. Alford, K. S. Cheung, C. Y. Ho & R. Campbell 
(2007): Survey for the amphibian chytrid Batrachochytrium 
dendrobatidis in Hong Kong in native amphibians and in the 
international amphibian trade. - Diseases of Aquatic Organ¬ 
isms, 78: 87-95. 

Schlaepfer, M. A., C. Hoover & C. K. Dodd (2005): Challeng¬ 
es in evaluating the impact of the trade in amphibians and rep¬ 
tiles on wild populations. - BioScience, 55: 256-264. 

Schloegel, L. M., A. M. Picco, A. M. Kilpatrick, A. J. Davies, 
A. D. Hyatt & P. Daszak (2009): Magnitude of the US trade 
in amphibians and presence of Batrachochytrium dendro¬ 
batidis and ranavirus infection in imported North American 
bullfrogs ( Rana catesbeiana). - Biological Conservation, 142: 
1420-1426. 

Shapiro, H. A. & H. Zwarenstein (1934): A rapid test for preg¬ 
nancy on Xenopus laevis. - Nature, 133: 762. 

Solis, R., G. Lobos, S. F. Walker, M. Fisher & J. Bosch (2010): 
Presence of Batrachochytrium dendrobatidis in feral popula¬ 
tions of Xenopus laevis in Chile. - Biological Invasions, 12: 
1641-1646. 

Somma, L. A. (2015): Xenopus laevis. USGS Nonindigenous 
Aquatic Species Database, Gainesville, FL. 

Soto-Azat, C., A. Valenzuela-Sanchez, B. T. Clarke, K. 
Busse, J. C. Ortiz, C. Barrientos & A. A. Cunningham 
(2013): Is Chytridiomycosis Driving Darwins Frogs to Extinc¬ 
tion? - PLoS one, 8: 679862. 

Tapley, B., R. A. Griffiths & I. Bride (2011): Dynamics of the 
trade in reptiles and amphibians within the United Kingdom 
over a ten-year period. - Herpetological Journal, 21: 27-34. 

Van Sittert, L. & G. J. Measey (2016): Historical perspectives on 
global exports and research of African clawed frogs ( Xenopus 
laevis). - Transactions of the Royal Society of South Africa, 
71:157-166. 

Warkentin, I. G., D. Bickford, N. S. Sodhi & C. J. Bradshaw 
(2009): Eating frogs to extinction. - Conservation Biology, 23: 
1056-1059. 

Weldon, C., A. L. de Villiers & L. H. du Preez (2007): Quanti¬ 
fication of the trade in Xenopus laevis from South Africa, with 
implications for biodiversity conservation. - African Journal 
of Herpetology, 56: 77-83. 

Weldon, C., L. H. Du Preez, A. D. Hyatt, R. Muller & R. 
Speare (2004): Origin of the amphibian chytrid fungus. - 
Emerging Infectious Diseases, 10: 2100. 

Yap, T. A., M. S. Koo, R. F. Ambrose, D. B. Wake & V. T. Vreden¬ 
burg (2015): Averting a North American biodiversity crisis. - 
Science, 349: 481-482. 


404 


